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(57) Abstract 

The present invention relates to a stable hemoglobin based composition having suffldently low levels of methemoglobin to 
effectively function as an oxygen canying solution upon administration to a patient made by the process comprising: a) adding 
an oxygenated or deoxygenated form of said blood substitute to an oxygen impermeable package, and b) storing said container at 
from between 5 C to 45 ** C for sufficient time to permit the autoreduction of methemoglobin. The stable hemoglobin based com- 
position includes hemoglobin, modified hemoglobin and/or encapsulated hemoglobin. To effectively function as an oxygen car- 
rying solution upon administration to a patient, the stable hcmolobin based solution cannot have greater than about 50 % of said 
hemoglobin based solution in the methemoglobin form but, preferably no more than about 15 %. The mvention further relates to 
a method to store a stable oxygen carrying solution according to the above discussed process. 
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1 

srogLg HEMOGLO BIN EASED OCMEOSITIOK ASM) MBIHQD TO STORE SflME 
Backaroimd of the Inventioei 
Field of the Invention 

"Shis invention relates to a stable henoglobin-based oxygen- 
5 carrying coraposition and xnethods to store or process same, said 
hemoglobin cocrposition including hsnaoglobin, modified hesnoglobin 
and encapsulated henoglobin. 

Description of Related Art 

Although human whole blood and packed red cell preparations 

10 have long been used to restore body oxygen-carrying function, 
hemoglobin-based conrpositicxns are now seen to offer several 
advantages over these currently standard henctherapies. Patient 
safety woiild be enhanced by eliminating untoward reactions to 
blood group antigens, inproving the maintenance of systenlc acid- 

15 base and electrolyte balance, and avoiding ea^josiire to blood 
contaminated with diseases such as AIDS and hepatitis. The high 
costs of testix^ blood for blood groi^ antigens and disease 
factors would also be avoided. Further, hemoglobin-'based o^en- 
carrying substitutes are expected to have prolonged stability 

20 during storage so a more stable supply should be realized. 

While a niirber of parameters may be measured to characterize 
hemoglobin solutim stability, stich as oxygen carrying capacity 
and ionic conposition, the most ijrportant of these is the 
oxidation state of hemoglobin iron. The iron atom in each of the 

25 heme prosthetic groups of the hemoglobin molecule is the site of 
oxygen binding and release* In order to maintain this reversible 
oxygen binding capability « the heme iron most be in the 
physiological Fe state. When a solution of hemoglobin is stored 
for a long period of time, the iron tends to oxidize to the Fe 

30 state, giving the methemogldbin form ^-ich does not reversibly 
bind oxygen and is therefore physiologically ineffective. (H.F. 
Bus^n et al . Hemoglobin: Molecular Genetic and Clinical Aspects 640 
(1986)). 
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one currep.t strategy to prevent the above described 
henoglbbin autoxidation reaction is the additior. of a-iti-oxidar.ts 
(Strattor., L.P., Haroglobin 12(4) :353-368(1988)) such as NRK-: 
(Kajita, A. et al., Biochan. Biophys. Res. Ccran. 39:1199(1970)), 
5 However, in hanoglobin solutions sctns anti-oxidants can becone 
pro-03cLdants (ibid. Stratton et al.). Further, the addition of a 
cattponent to sun intravenous solution product corplicates 
iranufacture and raises issues of the toxicity of the new caiponent 
which can require costly testing during deveiopusKit. 
0 The active reduction of inethenoglobin in solution can be 

accoraplished by electrochenacal means (P. Schelier, Mechanisp of 
cathodic Reduction of Hemoproteins , 60 Studia Biophysica 137 
(Berlin) (1976)), the xise of reductive enzyme systeros (Hayashi. A. 
et al. Biochan. Biophys. Acta 310:309(1973)) or the addition of 
5 chendcal reducing agents such as ascorbate (Tonoda, A. et al., J. 
Biol. diem. 253 (20):7415-7419 (1978)). These systems all require 
chemical additives and suffer from the same limitations mentioned 
above for anti-oxidants. 

A viable hemoglobin based oxygen-carrying cOT5>osition should 
contain less than 50% and preferably less than 15% metharogldbin 
over the shelf life. The rate of hemoglobin auto-oxidatiati is, of 
course, dependent on teni»erature. Thus, at roan teraperature (25*C) 
heme iron oxidation can exceed 30% per day (Sss Devenuto, F., 
infra at 946). Consequently, hsmogldbin based oxygen carrying 
conpositions are typically stored in the frozen state to obtain 
the targeted shelf -life. 

The extent of berogiobin protein purity is an inportant 
consideration in any discussion of hemoglobin stability in 
solution. Hencglobin heme iron is continuously oxidized in vivo 
and the red cell contains enzyme systems' that directly reduce 
methsTODgiobin to restore hemoglobin function. (Hultquist, D.E. er 
al.. The Methemoglobin Reduction Systar. of Erythrocytes, in The 
International Conference on Red Cell Metsbolisr. and Function, 297- 
301; Univ. of Michigan (1974)). Paul, H.B. et al , Preparation of 
Hemoglobin SolutiKis for Intraveneots Infusions, 455 , 463 (1947). 
Other red cell enzymes eliminate activated oxyge?- products, such 



as stiperoxide. and hydrogeii perojcide, that can also oxidize hens 
iron. (Watkins J. A. et al.. Biocherr.. Biophys. Res. Ccrar.. 
132(2) :742-748 (1985)). It is not siirprising therefore that less 
ptare preparations of hemoglobin exhibit increased oxidation 
stability, particularly when the native methemoglobin reductase 
substrates, such as NAEH, are added to the preparation (Strattcn, 
L.P, et al.. Hemoglobin 12(4) :353-368 (1988)). Despite this 
oxidative protection in iirpure preparations, contaminating 
proteins can cause ininunogenic reactions in patients or may 
possess innate toxic properties when free in the circulation. 
Thus, a system that could provide oxidation stability and/ or 
reduce methemoglohin in purified hemoglobin preparations, over a 
broad tenperature range, would possess a substantial advantage. 
summary of the Invention 

Ibis invention relates to methods to obtain a set of 
conditions as delineated below, that allow the expression of a 
hesnoglobin autoreduction reaction that spantaneoi;sly conveirts 
methemoglbbin to deoxyharoglobin in purified hemoglobin 
preparations. This autoreduction reaction is accelerated at 
higher temperatures, and as Icbcip as the proper conditions are 
xiaintained as delineated below, the system provides oxidation 
stability at room temperature. 

•Hie present invention relates to a purified hemoglobin based 
conposition having sufficiently low levels of inethemoglobin to 
effectively function as an oxygen-carrying composition upon 
administration to a patient. The ccraposition is made by a process 
cotprlsing: a) adding a iqirif ied hemoglobin based oxygen-carrying 
coiposition to a substantially oxygen ixcpermeable container, b) 
storing said container at from between 5*C to 45 for sxafficient 
tine to permit autoreduction of methenoglobin, and c) storing said 
container at a final torage temperature between -270 and 45^ C. 
The purified hemoglobin based composition includes hemoglob™, 
nxDdified hemoglobin and/or encapsulated herogiobin preparations 
that have been purified. Purification can be according to anr 
known standard method such as heat treatment. (See Estep, U.S. 
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Patent Nos. 4,861,867 and 4,831,012 (incorporated by reference) ) . 
To effectively restore body oxygen-carrying function, it is 
presently believed that a stable heraoglobin based connposition 
cannot have greater than about 50%, and preferably less than 15%, 
5 of the conpositlon in the mBthemoglobin form. 

It is an object of this invention to be able to store a 
stable hareglobin based composition over a wide teni)erature range. 

It is further an c>b ject of this invention to stop 
methemoglobin productim and in fact cause Pe^* nethemoglobin to 
10 convert to reduced Fe?* hemoglobin in said conposition. 

It is further an object of this invention to store a 
purified heraoglobin based conposition in a systero that either 
substantially excludes and/or actively scavenges oxygen, thus 
allowing the autoreduction reaction to predcndnate over 

15 autoxidation. 

It is still another object of this invention to provide a 
system of oxygen removal that does not require pretreatroent or 
«tty into the storage system. The hemoglobin solution, which nay 
contain an anount of methemoglobin, is stored in a container that 
10 is substantially impermeable to oxygen. In this substantially 
inCMcmeable oxygen enviroownt the hemoglobin autoxidation 
reaction will oonstxne any oxygen in solution, deoxygenate the 
renaining Pe?» hemoglobin and allow autoreduction of any 
mstfaencglobin to pro cee d. 
25 It is still another object off this invention to store a 

purified hanogldbin based cotnttsition in the oxygenated form and 
allow deoxygenation in the .container to permit autoreduction. 

It is still another object of the system to salvage batches 
of purified hemoglobin based ccnposition in whidi unacceptable 
30 levels of oxidation have occurred. In this case the purified 
hemoglobin based coniwsition could be stored in bulk in a 
substantially impermeable container. 
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It is still another object of this invesiticn to store the 
deoxygenated, purified hesnoglobin based ccnposition in any system 
which allows diffxision of oxygen from the solution into an area 
sxar rounding the container but not outside a substantially oxygen 

5 iinpenreable outer container. 
Brief Description of Drawings 

For a fxxller understanding of the nature and objects of the 
invention, reference should be made to the following detailed 
description taken in connection with the accompanying description 

10 forming a paxrt of this specification. 

FIG. 1 shows the changes in concentration of henoglbbin 
moieties versus time in a solution of diaspirin alpha-alpha cross- 
linked hemoglobin in lactated Ringer's (total diaspirin cross- 
linked hemoglobin concentratian of approximately 39pM) that was 

15 sealed in a screw-toroed cuvette (no head-space) and k^pt at 25"C. 

FIG. 2 shows changes in mean percent hemoglobin moieties 
versus time in sealed screw-capped cuvettes (N = 4) that were 
filled completely with a deoxygenated solution of diaspirin cross- 
linked hemoglobin in lactated Ringer's (total diaspirin cross- 

20 linked bemoglobin concentration of approximately 38u) and kept at 
25*0. 

FIG. 3 shows the changes in berooglbbin moieties and total 
hemogldt>in versixs time in a deoscygenated solution of diaspirin 
cross-linked hemoglobin in lOnM phosphate buffer that was sealed 
25 in a screw-capped cuvette (no head space) and kept at 25* C. 

FIG. 4 shows the changes in hemoglobin moieties and total 
hemoglobin versus time in a solution of diaspirin cross- linked 
hemoglobin in lactated Ringer's that was equilibrated with air and 
sealed in a screw-capped cuvette with no head space and kept at 
30 25-C. 

FIG. 5 shows the changes in percent methemoglobin versus 
tirne in a solution of lOg/dl diaspirin cross -linked hemoglobin in 
lactated Ringer's. The control group units were not deoxygenated 
and were either sealed in foil pouches (ambient Pouched) or not 
(Ambient Kot Pouched). All units were kept at 25*'C. 
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FIG. 6 shows the changes in percent itBtherooglobin versus 
tine in a deoxygenated solution of lOg/dl diaspirin cross-linked 
hemoglobin in lactated Ringer's. Units in the three test groups 
units were stored at 5'C with one lOOml cajpacity oxygen absorbing 

5 packet in the foil pouch, 25'C with one LOttnL packet or 

25 'C with four lOOml packets. Control group units were stored at 
25 'C with no oxygen absorbing patdtets in the foil pouch. 

PIG, 7 shows the changes in percent metherooglobir. versus 
time in a deoxygenated solution of 10 g/dl diaspirin cross-lirJced 

10 heBsogldbia in lactated Ringer's. The packaging of the solution 
was carried out as in Exairple 6 above. Test grotp units contained 
a 200 ml capacity oxygen ateorbing packet in the foil pouch and 
were stored at S^C, 25*C, 3C*C, or 45*C. Oontrol gro;^ unit 
storage at 25'C was without oxygen packets. Ualts in all groups 

15 were stored at 25 'C. 

FIG. 8 shows the ciianges in percent msthemoglobin versus 
time in a deoJOTsnated solution of 10 g/dl diaspirin cross-linked 
heraogloibin in lactated Fing«:'s. Test groc© units contained 200, 
400 or 800 id of o^en absoriaing capacity »*ile the control group 

20 units contained no packets. 

Tv>4-a4 iiH, peseriptiop of the In ventlan - Best Mode 

He have observed that in deoxygenated solutions of purified 
hieraoglobin, oxidized Pe?* methemoglobin heme iron will 
spontaneously reduce to the physiologically usefiil Pe?* fona. 

25 Based on this discovery we have developed a packaging and storage 
system that allows the expression of the autoreduction reaction. 

The conponents necessary to perform the packaging operation 
are sealed in an isolator (glove chaniber) . These ccnponents would 
include, for exanple, plastic bag primary containers for the 

30 hemoglobin soltttion, outer wrap secondary containers that have 
very low oxygen permeability, putrps, clanps, tubing asseniblies, a 
solution reservoir, and oxygen monitors. The isolator interior is 
sterilized with a vaporized sterilant such as H-O, and then cleared 
of residual sterilant with low-oxygen grade nitrogea. CSqrgen is 



then rigorously reroved frar. the isolator by carefxilly purging the 
isolator interior and all conponents within it with nitrogen* 
Preferably, at this stage ultra-pure grade nitrogen would be used 
with in-line oxygen traps to attain very low oxygen levels. 

In the now low oxygen environment of the isolator, the 
plastic primary containers are filled with aliquots of a 
thoroughly deojqrgenated hemoglobin solution and then sealed in 
foil pouch secandBXY containers. When this operation is carpi eted 
the isolator is opened and the containers are placed in storage. 

Although autoreductioa has been observed to take place 
during the deoxygenation of the hemoglobin solution, and can be 
taken advantage of in this way, the reaction proceeds readily 
during storage in a substantially oxygen iicpenneable package and 
requires no further attention. 

After henoglobin solutions are prepared and packaged as 
described above r there is typically a period of two to five days 
before the onset of autoreduction. During this time residual 
oxygen is scavenged from the solution by the oxidation reaction. 
Consequently^ this oxygen scavenging phase is characterized by 
either an increase in methaonoglobin or, if deoxygenaticn of the 
solution and packaging conpcnents was rigorous enoxj^r a time 
during which xnethesnoglobin remains at the initial level. The 
latter case occurs whm oxygm has been reduced to a level at 
which the rates of aixtoxidation and autoreduction are equal, ^e 
duration of this o:^en scavenging phase is tenperattire d^endent, 
ranging frcn less than one day at 45*C to months at 5*C. 

After the os^gen scavenging phase the metbemoglobin level 
begins to decrease and this trend continues in an essentially 
linear manner to a minimum, generally less than 5% methenoglobin, 
that is maintained as long as oxygen is substantially excltided. 

The acceptable terrperature range for reducing metbemoglobin 
in a purified henoglobin ccRpositia:: during storage is betwe^ 
5^C, where the autoreduction reaction is ver^' slow, to less thar. 
45 *C above which other degradant reactions can lirnit shelf -life. 
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Roomtenperature oxidaticai stability is achieved with this systen. 
trnm the exanples below, ongoing experiments are described in 
which, subsequent to the oxygen-scavenging phase, metharoglobin 
has been naintained at less than three percent for 231 days at 
25*c. 

It should be noted that once methanoglobin concentration is 
sufficiently low to allow said hemoglobin solution to effectively 
function as an oxygen carrying solution the solution can be stored 
at frcm between -270 'C to 45*C. 
ptamole 1 

In this experiment a dilute solution of alpha-alpha cross- 
linked henoglobin was sealed in screw-capped cuvettes and kept at 
25*C. With a dilute solution (approximately 39 UM diaspirin 
cross-linked hemoglobin) in a cuvette it was possible to 
noninvasively observe changes in the concentrations of oxy-, 
deoxy-, net- and total hemoglobin during storage using a standard 
three-wavelength spectr<«>hotanetric method taking roeasuremeits at 

560 , 576 and 630nm. 

all nanipulations to prepare sanples were carried out in a 
glove-bag continuously purged with ultra-pure nitrogen. One liter 
of a dilvtte solution of purified diaspirin cross-linked hennoglbhin 
in lactated Ringer's solution was deoxygenated by recirculation 
through a menbrane oxygenator charged with taltra-pure nitrogen. 
The deoxygenated diaspirin cross-linked hemoglobin solution was 
sealed in screw-capped cuvettes which were stored at 25*C. 

Despite the efforts to exclude oxygen, the sample initially 
contained 20% oxy diaspirin cross-linked hencgloibin, 5.5% met- and 
73.7% deoxy diaspirin cross-linked hemoglobin. At five days no 
detectable 03?y dLaspirln cross-linked hesnoglobin was present and 
the trethemoglobin had risen to 32.5%. The balance was in the 
deoxy state and total hanogldhin was unchanged (Table 1). These 
results illustrate the deoxygenatioa of a hetoglobir. seiutior- by 
the oxidation reaction during the oxygen scavenging phase. 

It. subsequent measurements at days 8, 50 and 72 the 
methemogldbin steadily decreased. See FIG. 1. It is important to 



observe the actxxal concentratlcsn changes of all three hemoglobin 
forns and total henogldbin during the autoreduction rather than 
percent changes. If methemoglobin were precipitating the percent 
of that ccqponent and the total hemoglobin concentratian would 
fall. The concentration data ir. Table 1, show the essentially 
quantitative autoreduction of methenoglobin to deoxyherr»globin 
v^le the total cancentratlon of diaspirin cross-linked hemoglobin 
renained constant. 

1MLE 1 

Changes in Percent Content and Micrcmolar Concentrations 
of Hemoglobin Moieties in a Solution of Diaspirin 
Cross-Linked Hemoglobin in Lactated Ringer *s 
Sealed in a Cuvette at 25 *C 

PERCE5PP OP TOERL DIASPIRIN 

CROSS-LINKED HEMOGLOBIN MICROOLAR OONCENTRATICN 
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ND s not detected. 

In this esverimesit^ efforts were taken to ensure that the 
sairples were stored in sufficiently oxygen inpermeable containers 
to observe autoreduction and obtain an estinsite of e^cperimental 
error in these stxadies. A dilute solution of diaspirin cross- 
linked henioglobin in * lactated Ringer's was prepared and 
deorjgenated as described in Exasple 1. 

Although an increase in the oi^^iemoglobin derivative cn day 
one (FIG. 2, Table 2) indicated oxygai leaks^ the results d:>tained 
in Exartple 1 with respect to the quantitative conversion of Fe^' 
netbonoglobin to Fer* deo^^henx^gldbin were reproduced in the four 
sanples prepared within a reasonable degree of precisio;:! 
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(see + S.D. bars ir. PIG. 2). The aneaix values of the percent 
coBitent and ndcrcraolar concentrations of the hemoglobin moieties 
in the sealed cuvettes (H*4) are given in Table 2. 

TJfflLE 2 

Changes in Mean Percent of Total Diaspirin Cross-Linked Henwglobin 
andMicroTOlar Concentratian of Hemoglobin Moieties at 25 C in 
Screif-Capped Cuvettes Containing a Solution of Diaspirin Cross- 
Linked Hanoglobin in Lactated Ringer's 
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ND s not detected. 

m the previous esanples of the autoreductian ruction in 
oxsgea inpenasable syst«w the diaspirin cross-linked hemoglobin 
was in a lactated Ringer's medLm. TO ensure that the observed 
antoreduction effect was not due to a conponent in the lactated 
Ringer's, diaspirin cross-linked hanoglobin was exchanged into 
phosEbate (PQj) buffer. Twenty ml of 10 g/dl diaspirin cross- 
linked hemoglobin in lactated Ringer's was diluted to one liter 
vdth lOnM POi,- E« = 7.40. This fifty-fold dilution was a 98% 
change of medium. This diluted solution was diafiltered vs. five 
liters of the sane phosphate buffer to effect a further 
theoretical 99% change in cocposition of the buffer to phosphate 
buffer. 
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This solution of diaspirin cross-linked benoglobis ia 
phosphate was deoxygenated and a nuriber of screw-caciped cuvettes 
were filled, and sealed as described in Ezanple 1. The 
<±aracteristic pattern of oxidation followed by autoreductior. was 
observed at faster oxidation and reduction rates relative to 
Exaiqples 1 axsd 2. 3he data from one representative cuvette are 
given in Table 3 and PIG. 3. The methcnoglobin level fell 36.5% 
(9.3m) in twenty-five days. 

nysE£ 3 

Changes in Percent Content and Micrcmolar Concentration of 
Hemoglobin Moieties at 25*0 in Screw-Capped Cuvette Containing 
Diaspirin Cross-Linked Heniogidbin in Phosphate Buffer 
EBRCEEIT Of TO U^L DIASPIRIN 

CaiOSS-LIHKBD EEMOOXSIN MICKCMXaR OONCESnRATIOH 
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ND s not detected. 



Hhe results of this experiment showed that a solution of 
30 heaaglobin with a histfi initial oxygax content wcsxld, over a period 
of time, oxidatively , deoaqrgenate and begin spontaneous 
autoreduction. A solution of diaspirin cross-linked henwglobin 
(27 vM) in lactated Ringer's was sealed in a cuvette with no head 
space and kept at 25 'C. After oxidizing to greater than 60% 
35 methenoglobin in fot:r days and concurrently deoxygenating the 
solution, only 43.1% roethemogldbin was present, with no detectable 
oxy- forr., at a day twenty-eight measuremant (Table 4; FIG. 4). 
Although the experiment was not carried any fiarther, it is 
anticipated that the desired less than 15% methetnoglobin level 
would have been achieved. 
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15 



20 



25 



30 



Changes in Percent Content and Micrcniolar Concentrations 
^Sglobln Moieties at 25-C in a Sealed Cuvette Ccntaoning 
^deoxygenated Diaspirin Cross-Linked Hanoglobin or. 

Lactated Singer's 



rag 

0 
2 
3 

10 4 



2De& 


SSL 


deo:r 
8.0 


1.6 


76.4 


47.1 


42.0 


10.9 


58.5 


4.4 


37.0 


60.4 


2.6 


37.0 


43.1 


ND 


58.3 



28 

ND - not . detected. 



met 
4.2 
13.3 
16.6 
17.0 
11.7 



C3cy 


2.2 


20.8 


U.8 


3.1 


1.2 


10.5 


0.7 


10.4 


ND 


15.8 



The previous eaatples denonstrate that spontaneous 
autoreduction occurs with diliite hanoglobin solutions 
(approxinately 40 iM; 0.29 g/dl of hatogldbin) stored in oxygen 
Ispenneable containers. In this experiment we assessed Ubea, 
autoreduction would occur using a concentrated hanoglobin solution 
(10 g/dl). 

All the experimental conponeats necessary to deoxygenate and 
package the diaspirin cross-linked hanoglobin solution were 
assaiUed in a gloved isolator danber. Ihe isolator wm »^ «^ 
and purged witi loir-oKigm gc«le nitrogea to 0.017 pm oxygm. 

lOg/dl diaspirin cross-lixflced hanoglohin solution was 
deoxygenated to two percent oxygen. The test group flexible 
containers (150 nd internal volm) were filled with approxiirately 
50 ml of deoxygenated diaspirin cross-linked hanoglobin each and 
thea sealed in substantially oxygen laperneable foil pouches. 

Ttn groups of control tnits were filled under anticnt oxygen 
coDdiUoDS so the harcgloibin was equilibrated with air oxygen, 
one group of control units (Sntoient Pouched) was sealed in foil 
pouches and the other (toibient Not Pouched) was not sealed in a 
foil pouch. All units were stored in a 25'C incubator. 

At intervals, duplicate packages were pulled fran each gro;5> 
35 and saitples were taken from each flexible container with syringe 
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atxi needle. Aliquots of the 10 g/dl saziples were filtered, 
diluted SOX in phosphate buffer az^ spectrophotcmetrically 
analyzed for methenogloibia content. 

After an initial three day oxidation phase, spontaneous 
autoreduction of metbenoglobin was evident in the deoa^enated 
test group. Over the next sixty days the methenoglohin fell 17.7% 
in the deoxygenated solution while the oxygenated control group 
solutions continued to oxidize unabated to over ninety percent 
nethemoglobin (Table 5; FIG. 5). Althou^ the ea^perixnent was 
terminated after 63 days, it would be anticipated that the 15% 
inethenioglobin level preferred for an oaroen-carrying solution 
would have been reached, 

TABLE 5 

CShanges in Percent Methenoglobin Content in 10 g/dl Solutions of 
Diaspirin Cross-Linkgsd Hemoglobin in Lactated Ringer's Packaged 

In Flexible Containers 









TIME/ 






VKtS 


TEST QtOUP 


OCKfTBOL GROUPS 






Poudaed Not Pouched 




8.9 


8.9 8.9 


POST** 


15.5 


8.9 8.9 


1 


36.6 


19.9 18.4 


3 


43.9 


38.4 36.9 


5 


42.5 


50.3 48.3 


7 


41.4 


57.6 56.1 


14 


37.2 


73.5 71.7 


28 


32.2 


86.4 94.3 


63 


26.2 


94.3 95.3 



PRE* s preprocessing; the level of roethemoglcibin before 
deoiygenation and packaging. 



m 

POST** = post-processing; the level of xnetberooglofain after 
deoflgy g mation axid packaging were conpleted. 
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ExHiiiule 6 

Plastic bags were filled with 50 ml of solution and sealed 
in foil pouches. The packaging opecatioci was carried out in ar. 
isolator continuously purged with ultra-pure nitrogen. 

5 The isolator teetaology described in Etople 5 was again 

used in this experiment. In this exanple, however, the isolator 
was fogged with ^0^ after sealing to sterilite all cctti>anents used 
in the packaging operation and irore rigorous efforts were arployed 
to purge oxygen from the isolator, the packaging containers and 

10 the hanoglobin solution. After fogging, the isolator was purged 
with low-O^ grade nitrogen. The purge line was then switched to 
ultra-pure nitrogen with an in-line oxygen trap and the isolator 
was purged further. All cotponents were carefully purged with the 
saine ultra-pure nitrogen. Additionally, Ageless (Mitsubishi 

15 Chendcal Co. , Inc.) oxygen absorbing packets were added to certain 
outer envelopes to further reduce oxygen in the container. 

'BbB control geaaf did not receive oxygen absoriaing packets. 
They were stored at 25'C. One or four packets were added to the 
outer envelopes of the two 25-C test groups. Oae packet per 

20 container was inclided in another test groifl? that was stored at 
5*C. 

m contrast to the results observed in Exanple 5 almost no 
increase in tnethawglobin was observed over the first three days 
in sanples from any of the test or control groups in this 
25 experiment. This result indicated that the initial solution 
oxjgen level was sufficiently low to only allow a rate of 
autoxidation essentially equal to the rate of autoreduction (ftWe 
6; ¥10, 6). 

autoreduction was evident on day three in the units from the 
JO 2S'C test group containing four oxygen absorbing packets. 

Methatoglobin could not be detected, after 32 or 56 days, in any 
units from the 25*0 test group containing one Ageless (Mitsubishi 
C2«nical CO.) packet or the control group. Hemoglobin oxidation 
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contiaxied to day five in the 5*C stored units and retained at the 
five day level for the remainder of the stxady (56 days). 

Duplicate samples frcRi each test and control group were 
sufamLtted for sterility testing and were found to be negative ir. 
aerobic and anaerobic culture and did not exceed ndniznzn 
acceptable pyrogen levels. 

13miiE 6 

Cl-J>nges in Percent Methenoglobin Content In 10 g/dl Solutions 
of D.aspirin Cross-Linked Hemoglobin in Lactated Ringer's Packaged 

In Flexible Containers 

FGRCEXn* ME3HEM0GLQBIN 



TIME/ 


Tenp: 


25'C 


25*C 


25'C 


5'C 


ones 


# Fadcets: 


0 


1 


4 


1 


PRE* 




4.5 


4.5 


4.5 


4.5 


FOOT** 




5.5 


5.5 


5.5 


5.5 


1 




5.9 


5.6 


5.7 


5.7 


3 




5.6 


5.5 


5.4 


6.0 


5 




5.4 


5.0 


4.8 


5.8 


7 




4.5 


4.3 


3.9 


6.0 


13 




3.9 


3.1 


NS 


5.7 


32 




0 


0 


NS 


5.6 


56 




0 


0 


NS 


6.3 



PRE* = preprocessing; the level of xnethemoglobin before 
deoaorgoQatiaa and padcaging. 
POST** = post-processing; the level of methenoglobin after 
deoxyyeoation and packagiiig were caqpleted* 
NS = not sampled. 



Sranple 7 

The purpose of this esverinent was to study the tenperature 
dependence o£ the hemoglobin oxidation and reduction reactions 
that take place during atorage in the system. Again, a 10 g/dl 
solution of diaspirin cross-lixiked hnoglobin in lactated Ringer's 
was packaged in flexible containers and foil pouches using the 
isolator technology described in Exanple 5 and the more rigorous 
st^s to exclude oxygen described in Exanple 6. 

Four grcjps of test units were packaged, each unit 
containing one 200 nil capacity oxyger.-absorbing packet. The test 
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groves were stored at 5*C, 25*C, 30*0, 45*0 respectively. Control 
group \3nits were stored at 25-C without Ageless (Mitsubishi 
Chatdcal Co., Inc.) packets. Duplicate sanples frcm each group 
were siihmLtted for sterility and pyrogen testing. 

The data from this experiment are given in Table 7 and FIG. 
7. Results at 25*C were similar to those obtained in Exanples 5 
and 6. The 45*C respaase was particularly notable since the 
oxidative deoxygenation phase re«iuired less than a day to cotiplete 
before the coset of autoreduction. All saitples subndtted were 
found to be sterile in aerobic and anaerobic culture and noa- 
pycogcoic 

TRBLE 7 

Changes in Percent Metharoglobin Content in a Solution of lOg/dl 
Diaspirin Cross-Linked Henoglobin in Lactated Ringer s Packaged 

in Flexible Containers 

TJUE/ Tenp: 25-C S'C 25-C 30'C 45*0 

mcrs # Packets: 0 1 1 1 J- 

PRE* 5.0 5.0 5.0 5.0 5.0 

POST** 7.7 7.7 7.7 7.7 7.7 

9.7 9.2 9.2 9.0 5.9 

8.7 8.9 8.4 8.1 1.6 

8.8 9.3 7.0 5.9 ND 
7.7 9.6 5.0 3.2 2.3 
2.6 8.6 1.0 0 HD 

42 0.1 7.6 ^ND HS MS 

59*** 1.0 8.6 0.6 TO m 



1 
3 
7 
14 
31 



175 
187 
231 



2.0 MS 1.2 HS NS 

NS 5.8 NS HS KS 

0.6 NS 0.6 NS NS 



PRE* - preprocessing; the level of inethenoglcbin before 
deoxygenation and packaging. 

s 

POST** = post-processing; the level of roethemoglobin after 
deoxygenation and padcaging were ccnpleted. 

*** = measurements to determine hemoglobin moieties collected 
on a Gary 2200 fron day 59 to the end of stu^r. 
Previous neasurenents were from a Hewlett-Packard 8451A 
instrunent. 

KD = not detected. 



NS = not saiqpled. 
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E3capnpl^ 8 

In this experiment we evalxxated whether inclusion of oxygen 
absorbing packets in overpouch nay be beneficial over a long 
storage interval. The test groups in this experixnent contained 

5 one, two or four type S-200 Ageless (Mitsubishi CheRdcal Co.) 
packets in the package head space corresponding to 200 , 400 or 800 
ml of oicygea absorbing caq^city, respectively. Once again, a 10 
g/dl solution of diaspirin cross*lihked hemoglobin in lactated 
Ringer's was packaged in flexible containers and foil pouches 

10 using the isolator technology described in Exanple 5 and the xnore 
rigorous steps to exclude oj^a described in Exanple 6. Tba 
study was designed for a one year duration. 

There may have been a small effect on the rate of 
autoreduction corparing control groiqp sanple with sazrples 

15 containing oxygen absorbing packets, but essentially all groups 
displayed virtually identical autoxidation-autoreduction behavior 
(Table 8; FIG. 8). 



wo 92/02239 



PCr/US91/05219 



18 



10 



15 



Changes in Percent Methemoglobin Content In a Solutiorx of ^ 
10 g/dl Diaspirin Cross-Linked Hemoglobin in Lactated Ringer s 
Packaged in Flexible Containers 



TIME/ 

PRE* 
POST** 
3 
5 
7 
20 
56 
112 
168 

PRE* 
POST** 



Tenp: 
# Packets: 



PERCEXTF MEnHEMOGLOBIN 



25*C 


25 'C 


25 'C 


25*C 


0 


1 


2 


4 


5.4 


5.4 


5.4 


5.4 


10.8 


10.8 


10.8 


10.8 


11.6 


11.0 


11.3 


12.4 


U.2 


10.6 


11.1 


11.0 


10.1 


8.1 


9.6 


9.2 


6.2 


4.5 


4.4 


4.7 


1.9 


1.5 


1.9 


1.6 


2.5 


2.1 


2.2 


1.5 


1.5 


1.2 


1.8 


1.2 
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preprocessing; the level of methanoglobin before 
deoxygeaiatian and packaging. 

post-processing; the level o£ methanoglobin after 
deojorgenation and packaging were ccRpleted. 



Sanples from exanples 7 and 8 were assayed for enzTines known 
to protect faonogloisin against oxidative danege. §^ Table 9. 
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30 



35 



41BLB 9 

- kefcivities^ of Reductive Etavasa per Gram of Hemoglobin 

QUmOBlOSB MSHIEMCXSLOBIN 
TYPE OF HE2«0GLQBIN RED0CX2\SE BEDOCJIMZ 

HEMWLOBIN (g/100 iriL) No EM) With FRD 



Hunnan Erythrocytes , 7.18 10,4 

Bunaa Bttnolysate 1,03 

DeoxTOCXab 9.97 0.35 0.56 

DeozTDCLBb 9.72 1.58 0.04 



19.21 
13,61 

Not Detected 
Not Detected 



Activity is defined on the basis that one unit of enzyme 
catalyzes the conversion of 1 ymole of sxjbstrate per minute. 
In ancillary studies of parallel sairples of diaspirin cross- 
linked hemoglobin, it has been shown that NMH-methemoglobin 
reductase, catalase, and st^eroxide dismutase activities 
could not be detected. 
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The absence of norml reductive enzynatic activity in these 
sarnples confirms that autoreduction of hemogloJain under the 
conditions described in this Invention is independent of entynie 
systens present in unpurified sanples. 
5 Although, the invention has been shown in connection with 

certain specific ambodiroants , it will be readily apparent to those 
skilled in the art that various changes in fonnand arrangement of 
steps can be made to suit requirements without departing f rotn the 
spirit and scppe of the invention. 
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WE CLAIM: 

!• A purified hemoglodin based composition comprising: 

a) autoreduced iron In the heme group of hemoglobin, and 

b) having a sufficiently low level of raethemoglobin for the 
composition to act as an oxygen carrier when administered to a 
patient, 

2. The composition of Claim 1 wherein the percent of 
methemoglobin Is not greater than about 50% of total hemoglobin at 
the time of administration to a patient, 

3. The composition of Claim 1 wherein the percent of 
methemoglobin is not greater than about 15% of total hemoglobin at 
the time of administration to a patient. 

4. A method to prepare a hemoglobin based composition comprising: 

a) adding a purified hemoglobin solution to an oxygen 
Impermeable container, and 

b) storing said container at a temperature of about S'^C to 
about 45*^0 for a sufficient time to permit autoreductlon of 
sufficient methemoglobin for the composition to function as an 
oxygen carrying solution upon administration to a pat1e.nt. 

5. A purified hemoglobin based composition made by the method of 
Claim 4. 

6. The method of Claim 4 wherein the percent of said 
methemoglobin is not greater than about 50% of total hemoglobin at 
the time of administration to a patient, 

?• The method of Claim 4 wherein the percent of said 
methemoglobin is not greater than about 15% of total hemoglobin at 
the time of administration to a patient. 

8. The method of Claim 4 wherein said hemoglobin based solution 
Is stored at from between about -80**C to 45''C, once methemoglobin 
concentration Is sufficiently low to allow said hemoglobin 
solution to effectively function as an oxygen carrying solution. 
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9. A method to store a purified hemoglobin based composition 
having sufficiently low levels of methemoglobin to effectively 
function as an oxygen carrying solution upon administration to a 
patient comprising; 
5 a) adding purified substantially deoxy genated hemoglobin 

based composition to an oxygen Impermeable container; and 
b) storing said container at from between 5^C to 45**C for 
sufficient time to permit the autoreductlon of methemoglobin, 
lU. The method of Claim 9 wherein the percent of said 
methemoglobin Is not greater than about 50% of total hemoglobin at 
the time of administration to a patient. 

11. The method of Claim 9 wherein the percent of said 
methemoglobin is not greater than about 1556 of total hemoglobin at 
the time of administration to a patient. 

12. The method of Claim 9 wherein said hemoglobin based solution 
is stored at from between about -80**C to 45**C, once methemoglobin 
concentration is sufficiently low to allow said hemoglobin 
solution to effectively function as an oxygen carrying solution. 
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CHANGES IN CONCENTRATION OF HEMOGLOBIN MOIETIES 
VERSUS TIME IN A SOLUTION OF DIASPIRIN ALPHA- e 
ALPHA CROSS-LINKED HEMOGLOBIN IN LACTATED RINGER'S el. 
SEALED IN SCREW-CAPPED CUVETTES AT ZS^'C 




MICROMOLAR CONCENTRATION 



• 

■■■■ 

LL 



SUBSTITUTE SHEET 
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CHANGES IN MEAN PERCENT OF DIFFERENT HEMOGLOBIN MOIETIES VERSUS 
TIME IN A DIASPIRIN ALPHA-ALPHA CROSS-LINKED HEMOGLOBIN 
COMPOSITION IN RINGER'S LACTATE SOLUTION STORED AT 25-C 
IN SCREW-CAPPED CUVETTES 




PERCENT DIASPIRIN ALPHA-ALPHA CROSS-LINKED 
HEMOGLOBIN COMPONENTS ( MEAN -I- S.D. ) 

LL 



SUBSTITUTE SHEET 
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CHANGES IN CONCENTRATION OF DIFFERENT HEMOGLOBIN 
MOIETIES VERSUS TIME IN A DIASPIRIN ALPHA-ALPHA 
CROSS-LINKED HEMOGLOBIN COMPOSITION IN PHOSPHATE BUFFER 
(pH 7.40) STORED AT 25«C IN SCREW-CAPPED CUVETTES 




MICROMOLAR CONCENTRATION 



CO 

■■■i 



SUBSTITUTE SHEET 
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CHANGES IN CONCENTRATION OF DIFFERENT HEMOGLOBIN MOIETIES VERSUS 
TIME IN A DIASPIRIN AU»HA-AU>HA CROSS-LINKED HEMOGLOBIN 
COMPOSITION IN RINGER'S LACTATE SOLUTION STORED AT 25-C IN 
SCREW-CAPPED CUVETTE (INITIAL OXYGEN CONCENTRATION THAT OF AIR) 




1^ I I — r° ti I — I I I \ 

Saa8iS!a2i22£i2««r>'«-cMocsi 

MICROMOLAR CONCENTRATION 



9mm 



SUBSTITUTE SHEET 
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CHANGES IN METHEMOGLOBIN CONTENT VERSUS TIME 
IN 10 g/dl DIASPIRIN ALPHA-ALPHA CROSS-LINKED 
HEMOGLOBIN STORED AT 25*C IN FLEXIBLE CONTAINERS 




PERCENT METHEMOGLOBIN 



tn 

• 

CD 

9mm 
Urn 



SUBSTITUTE SHEET 
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CHANGES IN METHEMOGLOBIN CONTENT VERSUS TIME 
IN 10 g/dl 01 ASPIRIN ALPHA- ALPHA CROSS-LINKED 
HEMOGLOBIN STORED IN FLEXIBLE CONTAINERS 




PERCENT METHEMOGLOBIN 
SUBSTITUTE SHEET 
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CHANGES IN METHEMOGLOBIN CONTENT VERSUS TIME IN 10 g/dl Dl ASPIRIN 
ALPHA-ALPHA CROSS-LINKED HEMOGLOBIN STORED IN FLEXIBLE CONTAINERS 
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